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PASSIVE SEPARATION DEVICE AND METHOD 
FOR FINNED BOOSTER 

The Government has rights in this invention pursuant 
to Contract No. N00024-8l-C-6202 awarded by the 
US. Navy. 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for 
separating with reduced risk of collision two parts of a 
body in ?ight, one of the parts having ?ns. In particular, 
it relates to the separation with reduced risk of collision 
of the payload and ?nned booster segments of a rocket. 
When an airborne body is separated into two or more 

segments, there is a danger that the two segments will 
collide and thereby damage one another. This danger is 
especially acute when one of the segments is deceler 
ated with respect to the other as, for example, with a 
parachute. The previous design solution to the potential 
collision problem involved maintaining active attitude 
control of the spent booster after payload separation, 
relying upon lift forces to ?y the booster out from be 
hind the payload. This solution, however, incurred a 
high risk that the sensitive inertial measurement unit 
(rate gyros and accelerometers) and the autopilot com 
puter it necessitated would be damaged because both 
were located in the front end of the booster, the area of 
greatest ordnance shock during separation. 

SUMMARY OF THE INVENTION 

This invention relies upon the known aerodynamic 
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and inertial properties of the spent booster. After a ' 
predetermined delay, the ?ns on the booster respond to 
a set of commands which changes the ?ns’ positions. 
This imparts a spinning, tumbling motion to the booster 
which produces lateral aerodynamic forces to push the 
booster out from behind the payload. The autopilot 
aboard the forward end of the booster relays control 
signals to circuitry in the aft end of the booster before 
the autopilot experiences the potentially damaging 
shock of payload-booster separation. Thus, the inven 
tion results in a relatively simple yet reliable passive 
system for substantially reducing the likelihood that a 
booster and payload section of a rocket will collide after 
separation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages of the present invention 
will become better understood from the following de 
scription read in conjunction with the drawings, of 
which: 
FIG. 1 is a pictorial diagram of a successful separa 

tion sequence; and 
FIG. 2 is a block diagram of a ?n control system in 

accordance with one embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference to FIG. 1, shown therein is a diagram 
of a sequence of events ending in a successful separa 
tion. At the extreme left-hand portion of the ?gure 
within the phantom box designated 1 can be seen a 
rocket generally designated by a numeral 10 having a 
booster section 20, a payload section 30, and a connect 
ing section 40. The booster section 20 is provided with 
?ns 25, and a raceway 15 for conducting ?n command 
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2 
signals from the ?ight computer shown in phantom. 
This part of the diagram represents a rocket just prior to 
separation. 
The ?gure within box 2 immediately to the right of 

that just described shows rocket 10 just after separation 
has occurred. As depicted therein, connecting section 
40 has separated into two pieces 42 and 44. Payload 
section 30 continues along the path of the original 
rocket through its own momentum. Booster section 20, 
which is blunt-ended, is slowed by the air. 
The part of the diagram within box 3 below and 

slightly to the right of that just described shows the next 
step in the separation sequence when the booster section 
30 deploys parachute 50 to slow its descent. As shown 
in this part of the diagram, ideally, booster section 20 
and pieces 42 and 44 of connecting section 40 fall to 
earth without colliding with payload section 30. 
The problem encountered in the prior art, however, 

as already described, is that booster section 20 does not 
always fall to earth without colliding with and damag 
ing payload section 30. It is therefore desirable to in 

, crease the drag force and the lateral aerodynamic force 
on booster section 20. In accordance with the present 
invention, means are provided within rocket 10 for 
providing commands causing a series of manipulations 
to means for controlling ?ns 25 and carrying out that 
series of manipulations after a predetermined delay. The 
?n manipulations cause booster 20 shortly after separa 
tion to undergo a spinning, tumbling motion which 
produces lateral aerodynamic forces on the booster and 
sufficiently impedes its forward motion so that the like 
lihood of collision with the payload section is substan 
tially decreased. 
FIG. 2 is ablock diagram of the means provided 

within rocket 10 for effecting delayed control of ?ns 25. 
Signal generating means 60 is switchably connected 
through line 62a and switch 110 to sample and hold ' 
means 70 and summing point 120, and is also connected 
to time delay means 80 by line 62b and yaw maneuver 
command storage means 100 by line 620. Any device 
capable of generating digital commands, preferably the 
on-board autopilot computer may serve as signal gener 
ating means 60. The preferred location for signal gener 
ating means 60 is on the forward face of the booster 
section 20 inside the connecting section 40 of the rocket. 
Phantom line 130 represents the raceway conductors. 
Arrows 140 and 150 indicate the forward end of the 
raceway and the aft end of the raceway, respectively. In 
a preferred embodiment, signal generating means 60 
generates ?n control signals for normal ?ight, a signal 
initiating payload-booster separation (separation com 
mand), signals to control yaw maneuvers after separa 
tion, and a signal to determine how long after separation 
the yaw maneuvers should commence. Thus, signal 
generating means 60 preferably comprises means for 
generating at least four separate types of signals. 
An autopilot computer such as could serve as signal 

generating means 60 is conventionally located in the 
forward end of the booster due to a lack of space in the 
aft end. This subjects the computer to substantial shock 
during separation. The circuitry about to be described, 
however, to which the computer in essence transfers 
control of the fins, is located in the aft end and relatively 
protected from shock. An alternate placement of the 
signal generating means 60 is in the payload section 30. 
In this case, the signal lines from the signal generating 
means 60 are releasably connected to the remaining 
circuitry of FIG. 2, and are released at the time of pay 
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load-booster separation after transmission of the rele 
vant control signals. 

Referring again to FIG. 2, sample and hold means 70 
is connected to summing point 120 through line 62a, 
which is the same line which connects switch 110 to 
summing point 120. Sample and hold means 70 is any of 
the well-known devices for retaining transient data for 
a ?xed time. It stores the most recent ?n control signal, 
and presents it on line 62a to summing point 120. 

Switch 110 is controlled by the separation command 
issued by signal generating means 60 in a manner which 
will be described below. 
Yaw maneuver command storage means 100 is 

switchably connected to summing point 120 through 
switch 160 and line 62]? It stores a series of ?n control 
commands supplied it by signal generating means 60. It 
is also capable of presenting the ?n control commands 
in a programmable sequence, each for a programmable 
length of time, as will be described below. Thus, yaw 
maneuver command storage means 100 can be any suit 
able digital memory with appropriate circuitry for pres 
enting the contents of that memory in a programmable 
sequence. 
Time delay means 80 is connected to signal generat 

ing means 60 by lines 620 and 62d so as to receive com 
mands determining the period of delay, and also by line 
62b to receive the separation command signal which 
commences the delay. Although this is shown as con 
nections 62b, 62c, and 62d, it is understood that one 
connection could suf?ce. Time delay means 80 connects 
with and controls the state of switch 160 in a manner 
which will be described below. 
Summing point 120 is a simple summing ampli?er. Its 

output ?rst passes to ampli?er 170, the output of which 
in turn passes to ?n actuating means 90. Pin actuating 
means 90 is any known means such as servo-motors 
with appropriate digital circuitry such as, perhaps, D/A 
converters, for producing mechanical motion in accor 
dance with a series of electronic commands. In the 
preferred embodiment a signal representing the actual 
output of ?n actuating means 90 is used to derive a 
feedback signal which is supplied to an inverting input 
of summing point 120 as indicated in FIG. 2. 

It will be understood by one of ordinary skill in the 
art that the signals described above may be in any suit 
able format. In the preferred embodiment, standard 
8-bit binary signals are used. The time delay signal, for 
example, may be coded so that the 8-bit signal repre 
sents a binary number corresponding to the delay in 
hundredths of a second, i.e., a “l” in every position 
would translate to a 2.55 second delay [(28-— 1)><0.01]. 
The yaw maneuver command signal is preferably 10 
bytes long, the ?rst byte identifying the next 9 bytes as the 
yaw maneuver command data, followed by 3 sets of 3 
bytes, the ?rst 2 bytes of each set de?ning a ?n position 
and the last byte in each set de?ning the period of time 
the position de?ned by the other 2 bytes is to be held. 
Thus, there is capability for 3 separate positions with 3 
hold times. 

It will also be understood from the foregoing descrip 
tion that yaw maneuver command storage means 100 
and time delay means 80 include circuitry which ena‘ 
bles each to identify the portion of the data stream 
placed on line 62c by signal generating means 60 which 
is pertinent to the function of each. Speci?cally, time 
delay means 80 is provided with circuitry which enables 
it to identify that portion of the signals on line 620 com 
prising the time delay signal, while yaw maneuver com 
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mand storage means 100 recognizes that portion of 
those signals which are yaw maneuver commands. Fur 
thermore, lines 62a, 62b, and 620 may be a single line, 
with the three recipient means, 70, 80 and 100, all hav 
ing circuitry enabling them to identify the portion of the 
data stream pertinent to each. 
During the normal course of ?ight, switch 110 is 

closed, so that ?n actuating commands for ?n actuating 
means 90 originate from sample and hold means 70, 
which is periodically updated by signal generating 
means 60. Switch 160 is open, so that yaw command 
storage means 100 is normally not connected ‘to the 
summing point 120. 

Just prior to separation, signal generating means 60 
sends a predetermined signal to time delay means 80 and 
provides yaw maneuver command storage means 100 
with a series of electronic commands which will dictate 
?n positions through actuating means 90 after separa 
tion. Then, immediately prior to separation, signal gen 
erating means 60 supplies the ?nal ?n command to sam 
ple and hold means 70, and then initiates separation by 
issuing a separation command. This command causes 
switch 110 to open, and initiates running of the delay 
period of time delay means 80. Thus, immediately after 
separation occurs, the ?n actuating means 90 continues 
to actuate ?n movement as per the ?nal command of 
signal generating means 60 which has been sampled and 
held within sample and hold means 70. After the delay 
determined by the signal sent from signal generating 
means 60 to time delay means 80, time delay means 80 
closes switch 160, which connects yaw maneuver com 
mand storage means 100 to the summing point 120, so 
that the series of commands which were stored in yaw 
maneuver command storage means 100 are summed 
with those from sample and hold means 70. The result 
ing sum is ampli?ed and presented to ?n actuating 
means 90. Thus, the commands stored within yaw ma 
neuver command storage means 100 incrementally con 
trol ?n positioning. In the preferred embodiment, up to 
three ?n position commands and associated time for 
holding these ?n position commands are stored and 
these stored signals are sequentially presented to the ?n 
actuating means 90 via summing point 120. 

In the embodiment just described, the signals which 
ultimately control ?n positioning are composites 
formed from the sum of the ?nal ?n actuating command 
sampled and held by sample and hold means 70 and the 
yaw maneuver commands stored in yaw command 
storage means 100. This is preferable to supplying non 
composite signals because the starting ?n position dur 
ing separation is not known beforehand, having been 
changed as necessary for operational ?ight. It will be 
understood by one of ordinary skill in the art, however, 
that non-composite signals, i.e., signals derived solely 
from the yaw command storage means, could be used as 
well. 
The components of one embodiment of a system 

according to the present invention have been described 
as separate functional block elements, the function of 
any one of which can be implemented in a manner ap 
parent to one of ordinary skill in the art by using a 
suitably programmed and readily available micro 
processor and appropriate electronic memory. In an 
other preferred embodiment, the functions ascribed to 
the various blocks described above are carried out by a 
single microprocessor with memory. This microproces 
sor can be incorporated into ?n actuating means 90 
along with appropriate digital switches. Inasmuch as ?n 
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actuating means 90 is located near the ?ns 25 toward the 
base of booster 20, a microprocessor located therein 
will be relatively safe from damage from the shock of 
separation. 
Although speci?c embodiments of the present inven 

tion have been described above, it will be readily appar 
ent to one skilled in the art that the teachings of the 
invention may be carried over to other embodiments 
and other ?elds in which it is desirous to reduce the 
likelihood of collision between two bodies which have 
been separated in ?ight in which one of said bodies is 
provided with ?ns. Therefore, the present invention 
should not be regarded as limited to the embodiment 
just described in detail, but should be accorded the full 
scope of the following claims. 

I claim: 
1. An apparatus for separating a ?rst segment and a 

?nned second segment of an object in ?ight comprising: 
means for generating yaw maneuver command sig 

nals effective for controlling the position of the ?ns 
to guide said second segment away from said ?rst 
segment upon separation thereof; 

means for generating a time delay signal; 
means for generating a separation signal immediately 

prior to separation of said ?rst and second seg 
ments; 

means connected to the yaw maneuver command 
signal generating means for storing the yaw maneu 
ver command signals and producing a stored sig 
nal; 

means for controlling the positions of the ?ns in re 
sponse to said stored yaw maneuver command 
signals; and 

time delay means connected to the time delay signal 
generating means and the separation signal generat 
ing means and responsive to the time delay signal 
and the separation signal for connecting the storing 
means to the controlling means after a time delay 
corresponding to the time delay signal, the delay 
commencing upon receipt of the separation signal 
by said time delay means. 

2. An apparatus as claimed in claim 1 further compris 
ing: 
means for generating control signals during ?ight 

prior to separation; 
a switch responsive to the separation signal and con 

nected to the control signal generating means; 
means connected to the switch for sampling and hold 

ing the control signal and producing a held signal; 
and 

means connected to the sample and hold means and 
the storing means for summing the held signal and 
the stored signal to produce a summed signal; 

wherein the controlling means is responsively con 
nected to the storing means and the sample and 
hold means through the summing means. 

3. An apparatus as claimed in claim 2 wherein the 
means for generating yaw maneuver command signals, 
means for generating a time delay signal, means for 
generating a separation signal, and means for generating 
control signals collectively comprise signal generating 
means. 

4. An apparatus as claimed in claim 3 in which the 
signal generating means comprises an autopilot com 
puter located on the forward part of the second seg 
ment. 

5. An apparatus as claimed in claim 4 further compris 
ing amplifying means interposed between the summing 

15 

20 

25 

35 

6 
means and the controlling means for amplifying the . 
summed signal. 

6. An apparatus as claimed in claim 5 wherein the 
storing means, the time delay means, the switch, the 
sample and hold means, the summing means, the ampli 
fying means, and the controlling means are located on 
board the ?nned aft part of the second segment. 

7. An apparatus for separating a payload section and 
a booster section of a rocket, the booster section being 
provided with controllable ?ns, comprising: 
computer means for generating ?n control signals, 
yaw maneuver command signals, a time delay sig 
nal, and a separation signal; 

means connected to the computer means for storing 
the yaw maneuver command signals and for pro 
ducing a stored signal; 

means connected to the computer means for sampling 
and holding the ?n control signal and producing a 
held signal; 

means connected to the sample and hold means and 
switchably connected to the storage means for 
summing the stored signal and the held signal to 
produce a summed signal; 

switch means connected to the computer means for 
disconnecting the sample and hold means from the 
computer means in response to the separation sig 
nal; 

time delay means connected to the computer means 
for connecting the storage means to the summing 
means after a period which starts in response to the 
separation signal and lasts in accordance with the 
time delay signal; and 

?n activating means responsively connected to the 
summing means for controlling the position of the 
?ns in response to the summed signal for steering 
said booster section away from said payload sec-. 
tion after separation thereof. 

8. A method of separating a ?rst segment'and a sec 
ond segment of an object in ?ight, said second segment 

40 having ?ns controlled by a control unit comprising the 

45 

50 

55 

65 

steps of: 
(a) generating yaw maneuver command signals; 
(b) storing the generated yaw maneuver command 

signals on a storage means within said second seg 
ment; 

(0) generating a time delay signal; 
(d) storing said time delay signal on a storage device 

within said second segment; ' 
(e) separating the ?rst segment from the second seg 

ment; and 
(f) after said separating step, applying the stored yaw 
maneuver command signals to the control unit 
after a time delay corresponding to the stored time 
delay signal. 

9. A method for separating a booster having control 
lable ?ns from a payload segment of a rocket compris 
ing the steps of: 

(a) generating and storing yaw maneuver command 
signals; 

(b) generating and storing time delay signals; 
(0) separating the booster segment and the payload 

segment; and 
(d) moving the ?ns in a predetermined sequence ac 

cording to the yaw maneuver command signals 
after a predetermined time delay according to the 
time delay signals; 

thereby imparting a spinning and tumbling motion to 
the booster segment and increasing drag forces and 
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lateral aerodynamic forces on the booster segment 
to spatially separate said booster segment from said 
payload. 

10. A method of separating a ?rst segment and second 
segment of a rocket, the second segment having a com 
puter on board its forward end and having ?ns on its aft 
end controlled by a control unit, comprising: 

(a) generating yaw maneuver command signals in the 
on-board computer; 

(b) storing the generated yaw maneuver command 
signals in the control unit; 

(0) generating a time delay signal in the on-board 
computer; 

(d) storing the generated time delay signal in the 
control unit; 15 
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8 
(e) generating a ?nal ?n command signal in the on 
board computer; 

(0 storing the generated ?nal ?n command signal in 
the control unit; 

(g) separating the ?rst segment and the second seg 
ment; 

(h) controlling the fins according to the ?nal ?n com 
mand signal until the end of a time delay corre 
sponding to the time delay signal; 

(i) adding the ?nal ?n command signal and the yaw 
maneuver command signal to produce a summed 
signal; and 

(j) controlling the ?ns according to the summed sig 
nal after the time delay. 

* * i * * 


